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W N e

Abstract: Bats face diverse challenges that cause global bat population declines, including habitat
loss and roost disturbance. Additionally, negative perceptions of bats and their potential role in
several zoonotic diseases have led to actions against bats. We documented existing knowledge and
perception of bats through interviews with 151 participants of fifteen tribes in Northern Uganda
in 2020 and conducted a sensitization campaign that prevented planned actions against bats. The
interviews revealed distinct firm beliefs, negative perceptions, limited knowledge on bats, and the
influence of media in shaping actions against bats. In addition, modified landscapes and habitat loss
increased encounters and subsequent deterioration of relations between humans and bats. Targeted
threats towards bats were exacerbated by public misinformation during the SARS-CoV-2 pandemic.
No deliberate conservation efforts exist, and negative perception largely hampers the implementation
of bat conservation in Northern Uganda. Importantly, the study also demonstrates that sensitization
campaigns can be effective tools to protect bats in the short term. Regular sensitizations and education
are recommended for sustainable changes in attitudes to and coexistence with bats.

Keywords: Uganda; bats; indigenous knowledge; perception; conservation; education; human-bat
interaction; public misinformation

1. Introduction

Bats have a poor reputation in much of the world, most recently due to the putative
origin of several zoonotic viruses in this diverse group of flying mammals [1-8]. Fear of
contracting dangerous diseases has even led to killings of bats in several countries [9].
Although some particular bat species have been confirmed as sources of some zoonotic
diseases, including Marburg virus in Africa and Nipah virus in South-East Asia [6,10],
misleading and unclear scientific and political communication during the SARS-COV-2
pandemic has added to the misery of bats [11]. In addition, bats face myriad threats that
have caused some significant bat population declines worldwide [12,13], including loss of
habitat [14-16], roost disturbance due to hunting and guano mining [17-19], and invasive
pathogens (e.g., the fungus that causes white-nose syndrome (WNS)) [20]. Indeed, of the
~1456 species of bats [21], 24% (18% Data Deficient (DD)) are currently considered globally
threatened [22]. These challenges demonstrate the urgent need for enhanced and focused
conservation efforts for bats, the success of which also depends on the attitudes of people
towards bats in a given area.

In many parts of the world, local myths and traditions portray wildlife as potentially
dangerous animals [9,23-28]. Negative perceptions largely overshadow any understanding
of the beneficial ecological roles of bats [23,26] and result in negative attitudes, reduced
empathies, and direct persecution of bats in many regions [24,29].

In Northern Uganda, no initiatives for local bat conservation exist, and human knowl-
edge, attitudes, and perceptions about bats in this biodiverse country have not been
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documented. Nearly 97 of 330 recorded mammal species in Uganda are bats [21,30] and
yet bat diversity surveys have been conducted in very few areas and the distribution of
bats in the country remains largely understudied [31]. Accordingly, ecological information
on bat diversity, assemblages and abundance in Uganda and predictions on bat-human
interactions are urgently needed. In addition to animal diversity, Uganda is also cultur-
ally rich, with 65 indigenous communities that vary in language, values and cultural
norms [32-37]. Indigenous knowledge is under threat and changing in response to modern
pressures [36-39]. Our objective in this study was to document existing knowledge and
perceptions of bats in Northern Uganda among different local communities and to describe
differences in viewpoints and knowledge between elders and younger study participants.
Additionally, we present the results of a sensitization campaign about bats that efficiently
mitigated COVID-19-related persecution of bats.

2. Materials and Methods
2.1. Study Area and Demographic Information of Participants

The study was conducted during the months of June, July, August, and October 2020
in the West Nile region of north-western Uganda, which borders South Sudan to the north
and the Democratic Republic of Congo to the west (Figure 1A). The Nile River separates
the West Nile region from greater northern Uganda to the east and the confluence of Lake
Albert to the Nile River in the South. The area is characterized by savanna mosaic along
the Nile River at elevations of about 600 m above sea level (asl) but rises steadily towards
the west to elevations of over 1300 m above sea level with features of riparian forests [31].
Fruit trees, such as mangoes (Mangifera indica), are a common feature throughout the study
area, making the presence of fruit bats very common. Despite their huge representation in
Uganda’s mammalian fauna, bat diversity surveys have been conducted in very few areas
and the distribution of bats in the country is poorly known [31,40] and no data has been
published from the West Nile region to date.
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Figure 1. (A) Distribution of Ugandan communities (adapted from source: Minority Rights Group,
2001). The study area in the northwestern region is highlighted with a red circle, (B) Demographic
information (number of participants: n = 151) on participants in every category is given in percent.
(C) Number of participants per Ugandan tribal group. Note that not all tribes are geographically
located in the study area. Note, “Buganda” = tribe name, but a “Muganda” is a person from the
Buganda tribe (singular), while “Baganda” are people from the Buganda tribe (plural). The same
terminology applies for all Bantu tribes whose names begin with ‘B (e.g., Bunyoro and Munyoro and
Banyoro; Bugisu and Mugisu and Bagisu; Busoga and Musoga and Basoga, etc.).
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Study participants (local people who live in the communities) were recruited from
public institutions, i.e., Muni University, Secondary schools, Arua Regional Referral Hos-
pital, private health facilities in Arua City and Koboko, Yumbe and Moyo districts, and
from random encounters with people living in urban and rural areas in the wider study
area (Figure 1A). Overall, 151 people participated in this study, 60 in individual interviews
and 91 in a group setting. Gender, age, occupation, and tribal community were recorded
for every interviewee. A representation of the overall demographic of the region, gender,
age cohorts (defined as young (<20 years), adults (2049 years) and elders (>50 years)),
and communities in urban and rural areas was aimed for (Table 1). Elderly people were
defined as >50 years based on the Ugandan population pyramid 2022 [41]. In rural areas, it
was challenging to carry out individual interviews or gather specific groups, in these cases,
groups comprised members of different ages. Interviews were conducted among university
academic staff and students, secondary students, medical personnel, the elderly in the
community, persons from rural areas and urban settings (Table 1). Male respondents (64%,
96/151) outnumbered female respondents (36%, 55/151) despite our efforts to obtain equal
representation of gender in the study, mainly due to the heavy daily routine of the women
(Figure 1B, Table 1). Study participants comprised members of 15 indigenous communities
across Uganda. The main communities within the study area include the Lugbara, Alur,
Madi, and Kakwa speaking people although each of these tribal communities has dialectical
groups within it [42,43] (Figure 1C). The groups of the Baganda, Acholi, Banyoro, Bachiga,
Bagishu, Teso, Japadhola, Langi, Nabweru, Banyankole, and Basoga were represented
through members living in the region or working in institutions located within the study
area (Figure 1A,C). As the survey was conducted during the SARS-CoV-2 pandemic, safety
measures were implemented to minimize pathogen transmission, such as keeping physical
distance of at least 1.5 m, sanitizing frequently, and wearing medical masks. Hand sanitizer
and masks were provided to participants. Interviews were carried out as individual or
group interviews for specific cohorts (e.g., university academic staff, university students,
secondary school students, the elderly, medical personnel, rural community).

Table 1. Overview of participants for interviews of local knowledge and perception of bats.

Category Age in Years 2/Mean age (Range) in Years >
(Number of Participants) (Number of Participants) Gender (Women/Men)
University academic staff (n = 10) <20 (0), 20-49 (10), >50 (0) 0/0,3/7,0/0
University students (n = 12) <20 (5), 2049 (7), >50 (0) 2/3,1/6,0/0
Secondary school students (1 = 4) <20 (4), 20-49 (0), >50 (0) 2/2,0/0,0/0
Individual interviews (n = 60) The elderly (n =7) <20 (0), 2049 (0), >50 (7) 0/0,0/0,1/6
Medical personnel (1 = 6) <20 (0), 2049 (5), >50 (1) 0/0,1/4,1/0
Rural community (1 = 6) <20 (0), 2049 (3), >50 (3) 0/0,0/3,0/3
1 Urban community (n = 15) <20 (0), 20-49 (15), >50 (0) 0/0,6/9,0/0
University academic staff
(1 group, n = 8) 38 (33-55) 2/6
University students
(2 groupe, 1 = 19) 21 (19-27) 6/9
Group interviews (1 = 12) Secondary school students 17 (16-19) 8/8
. (2 groups, n = 16)
(total of 91 participants)
The elderly (2 groups, n = 15) 58 (50-78) 6/9
Medical personnel
(3 groupe, 1 = 20) 36 (26-60) 12/8
Rural community 32 (18-72) 4/13

(2 groups, n =17)

! Participants outside of institutional settings in urban environment. 2> Age in years for individual interviews.
3 Mean age (range) in years in group interviews.
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2.2. Individual Interviews

A semi-structured questionnaire about the “Knowledge and awareness about bats in
Northern Uganda” was developed. The English language questionnaire comprised eight
main questions and six additional questions for selected interviewees (Supplementary
Materials Text S1). Interviews lasted approximately 15 min. A guide read out the questions
to the interviewees. The questionnaire was not translated into the different tribal languages;
instead, translators were engaged when needed. In most interviews, the first author (IE)
was the translator for the dominant languages spoken in the study area. Prior to the survey,
the questionnaire was pretested by interviewing 35 persons and two focus groups each to
harmonize and refine the questionnaire by the research team. To keep the interview time
short, the additional six questions were targeted to selected respondents on their experience
in life (the elderly). The interviewer recorded all information on the printed questionnaires.
At the end of every interview session, time was given for the interviewees to ask any
questions or raise any queries about bats. The extra time also provided opportunities to
sensitize the respondents to the vital ecological roles that bats play in nature and how best
to coexist with them within our communities.

In documenting prevailing stories about bats in each community, we asked one open-
ended question “What stories does your community have about bats?”. This allowed
the respondents to freely speak out about anything they have heard about bats in their
community (Text S1). To assess the willingness of the communities to coexist with bats, we
asked the following questions: “Should bats be conserved?”; “If yes, what suggestions do
you propose that can best work to conserve bats in your community”; and “If no, what are
the reasons for your position?”. When the issue of bats as a cause of diseases was raised as
one reason to not conserve bats, follow-up questions were asked: “Examples of diseases
allegedly spread by bats.”, “Where do people get information about bats and diseases?”. To
understand how people related with bats in the past and how this relationship has evolved
over time, a complementary investigation targeting the elderly was conducted.

2.3. Focus Group Interviews

Focus group interviews were held on the basis that: (1) participants were more likely
to consent to participate in a group setting; (2) the group discussions setting facilitated
contributions and thus information; (3) movement of both the interviewers and potential
participants was limited during the pandemic lockdown and group interviews allowed
involvement of more participants in each area.

A total of 12 group interviews with 91 participants were carried out (Table 1), num-
bers of women/men were recorded, and the average age of the group was estimated by
sensitively approaching and asking the youngest, oldest and one member in between about
their age. Of note, most people did not want to share their age information (Table 1). The
interviews were conducted as informally as possible to allow participants to freely express
themselves and not withhold information. The interviewer subsequently provided more
information and sensitized the participants only after the participants had exhausted their
views on the matter. Focus group interview sessions typically lasted up to sixty minutes.

2.4. Rapid Conservation Action

The documentation of indigenous knowledge and perception of bats in Uganda was
accompanied by a rapid community sensitization program that was created ad hoc after the
leading author (IE) became aware of several planned actions against bats and bat roosts in
the study area. The community sensitization program, conducted in October 2020, focused
on the importance of bats and how people can safely coexist with bats. Information was
offered to counter the narrative that attributes every dangerous emerging disease to bats.
We used printed copies of the booklet “Living Safely with Bats” that was developed by
EcoHealth Alliance and partners as a resource to educate participants on ways to mitigate
zoonotic disease spillover risk [44,45]. We received permission to adapt the booklet (adding
pages) to address the specific issues of the communities in Northern Uganda. We further
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compiled information about bats, e.g., diversity, ecology, diseases, from publications that
were presented to the communities. The sensitization study comprised a (1) presentation
followed by questions and answers, (2) the distribution of the booklet and (3) in-depth
conversations with the communities, community leaders, and members of institutions
whose premises have colonies of bats.

2.5. Data Analysis

Data from individual questionnaires and focus group discussions were quantified. Due
to the low and heterogenous sample sizes, data are presented using descriptive statistics,
with total numbers or proportions/percentages reported. Some folktales or community-
specific stories were written as narrated (verbatim) to maintain the originality. Most were
narrated in local languages and translated to the best understanding of the translator.

3. Results
3.1. Basic Knowledge of Bats

Almost all respondents in the individual interviews reported the existence of bats in
their area (58/60) and described up to four different “types” of bats (Figure 2, Table S1(A,B)).
The descriptions of bats were mostly based on color (brown, black, grey, etc.) or size (big,
small, medium) (Figure 2, Table S1(B)). Few respondents described the shape or other
features of bats, while others described bats based on diet (e.g., fruit-eating or insect-eating
bats), or where they roost (e.g., house bats, cave bats, banana bats, latrine bats, tree bats,
etc.). These descriptions were similar in the group interviews (Table S1(B)).

A B Cc
100 4 100 - 100 - ! = }\
= Gl p
; O o r~
*:3 80 80 4 80
g Do you have bats What do bats eat? Bats are
H in your area? birds.
2 60 60 o 60 <
o
2
E 401 40 40
c
g
o
o
2 20 4 20 A 20 4
g
13
2
0 - 0 - 0-
NO Fruits Insects, worms no idea TRUE FALSE no idea
D E
1 | Big trees in communities
10075 ‘ J I E | House roofs
2 H different — ooves Where d
OwW many aifrreren ere do
"types" of bats? E | ‘/y< Pit latrines bats roost?
60
-j q Bananalcoconut trees
401 -:l Shrubs and bushes
20 4 -] Wild forest
-] Unknown
0- T T T T T T ) "
1 2 3 4 noliden 10 20 30 40 50 60 70 response by number of participants

Figure 2. Overview of knowledge about bats from individual interviews (1 = 60). (A-D) Response by
number of participants is given in percent. (E) Response by number of participants is given as number,
since multiple answers were possible. (A) Presence of bats in the study area was acknowledged by
almost all participants. (B) Limited knowledge about the food sources of bats. (C) The large majority
of participants knew that bats are not birds. (D) Most respondents could identify up to two different
types of bats. (E) Respondents named up to seven different spaces bats utilize as roost sites. Most
frequently mentioned roosts included big trees in communities, house roofs and caves.

Most respondents knew that bats were not birds (Figure 2, Table S1(A)). The respon-
dents who could not differentiate bats from birds, included both males and females mostly
in urban settings, e.g., housewives, traders, and students. From those who could dif-
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ferentiate bats from birds, the most known difference between bats and birds was that
bats give birth to live pups while birds lay eggs, followed by bats having teeth, while
birds have a beak. Other differences mentioned included fur in bats vs. feathers in birds,
that bats are nocturnal vs. birds are diurnal, and that bats hang upside down vs. birds
sit upright. When asked about the places in their area where bats roost or bats can be
found, respondents in both the individual and the group interviews named house roofs
and big trees in homesteads as the most likely spots, while some respondents knew about

caves, pit latrines, banana/coconut leaves, wild forests, and crevices as bat roost locations
(Figure 2, Table S1(B)).

3.2. Benefits of Bats and Willingness of Local Communities to Protect and Conserve Bats

Next, the respondents were asked whether bats benefit humans. A small majority of
the individual interviewees agreed (Figure 3) and only few participants in the group inter-
views said that bats benefit humans. Some university and secondary school students and ru-
ral community members stated that bats do not benefit humans (Supplemental Table S1(A)).
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Figure 3. Overview about knowledge of benefits of bats and willingness of local communities
to protect and conserve bats from individual interviews (1 = 60). (A,B) Response by number of
participants is given in percent. (C-E) Response by number of participants is given as total number.
(A) Number of respondents that acknowledged that bats play beneficial roles in the environment
was slightly higher than those who disagreed. (B) Equal proportions of participants stated that bats
should be conserved or not. (C) Bat conservation measures proposed by participants that found that
bats should be conserved. (D) Beneficial roles of bats listed by respondents. (E) Negative roles of bats
listed by respondents.
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Respondents were further asked about the uses and benefits that bats provide in
their community, and the most common answers were that bats feed on insects that carry
diseases and destroy crops, bats are important for seed dispersal and they have medicinal
use (Figure 3D, Table S1(B)).

About half of the interviewees agreed that bats should be conserved (Figure 3, Table S1(A)).
In a subsequent question, participants were asked, if bats should be protected, what actions
should be taken in their community. Respondents mainly replied that the bat roosting
sites and habitats must be conserved, sensitization campaigns are necessary and natural
habitats should in general be protected to conserve all wildlife (Figure 3, Table S1(B)).
A common belief was that natural environments/bat habitats should be protected, with the
hope that bats will use the forests/big trees instead of human habitation (Table S1(B)). The
respondents that argued that bats should not be conserved were asked for the underlying
reasons and the majority argued that bats transmit many diseases like Ebola and COVID-19.
Others felt that bats e.g., make places dirty and smelly and destroy fruits (Figure 3E,
Table S1(B)). According to the descriptions by the respondents, people are bothered by
fruit bats in trees (most probably epauletted fruit bat species, e.g., Epomophorus spp. and
Eidolon helvum) and insectivorous bats that roost in their houses (most probably molossid bats).

3.3. Community Relations with Bats over Time: The Perspective of Elders

We targeted the elderly to understand how people in the study area have related to
bats in the past. Detailed interviews were held with 16 participants from the four main
tribes located in the study area: Alur, Kakwa, Lugbara and Madi. The overall narrative
was that, in the past, there were plenty of natural landscapes, such as dense forests, that
provided habitat for wild animals. Human settlements in Northern Uganda were scattered
homesteads with few people. Wildlife habitat and the homesteads did not overlap and
contact between bats/wildlife and humans was rare; thus no particular attention was
paid to the bat populations. According to the interviewees, the relationship between bats
and humans has changed over time. The majority of the interviewees (12/16) observed
a dramatic increase in the presence of bats in human communities over the last two
decades. Agriculture, deforestation, population growth and encroachment were named
as triggers for this change. Over time, bats posed a problem as they are blamed for the
destruction of agricultural fruits, and are noisy and smelly. In addition, all participants
had some information about the association of bats with diseases, such as Ebola, Marburg,
Rabies, and COVID-19. Sources of information about bats as disease spreaders included:
social media platforms, FM radios, internet, family and relatives, community leaders, and
members in the community (Figure 4, Table S2). To the question of how people intend to
relate with bats in the future, the popular position of the elderly respondents was that bats
and humans should not be allowed to stay in proximity and bats should be eradicated from
human settlements (Figure 4). In general we found that older persons shared more detailed
stories and local knowledge about bats.
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Figure 4. Overview of information gathered from the elderly participants (age > 50 years) from the
extended interviews (n = 16). Left box: In depth interaction with representatives of the increasingly
scarce age group of >50 years on how communities related with bats in the past generated various
responses summarized in the box. Box top right: Change in human relations with bats observed in
the past 1020 years, where the presence of a higher number of bats in human-dominated spaces
has been reported. The main triggers of this change were described as agriculture, population
growth/settlements/urbanization, encroachment, and deforestation. Box bottom right: Responses on
how the participants intend to relate with bats in the future. Most solutions are based on separation

of spaces between humans and bats.

3.4. Myths, Local Stories, and Bat Perception among the Ugandan Tribes

Both the individual and the group interviews revealed that, within the same geograph-
ical location, members of different tribes shared slightly different stories and narratives
about bats. Folktales were registered from respondents that belong to the tribes of Buganda,
Acholi, Bachiga, and Madi. The respondents of the other tribes did not report folk stories
although respondents of every tribal community that participated had a set of myths or
beliefs about bats. Interviewees of the Lugbara tribe related that bats are messengers of
death and used in witchcraft, and reported an ignorance of bats across all age groups.
Respondents of both the Alur and Acholi (Luo ethnic group) related that bats are wise
animals, acting both as mammals and birds. When the environmental conditions are harsh
for mammals, bats are birds and vice versa. Other respondents (Acholi Lamogi community)
further felt that eating bats makes people very intelligent and some respondents (Alur and
Acholi) shared the myth about bats transforming into vampires that suck human blood,
a myth that still leads to fear in children. A middle-aged (45 years old) man, a Muganda
and a university lecturer told their local stories about bats:

“It has been related that, in our culture, if bats enter your house before construction is
complete, you will never complete that house. To avert this misfortune, one should close
the upper parts of the house before bats enter the house. Bats are also not in the good
books of our traditions because they are believed to have defaulted their tax obligations to
the king of Buganda. Folktale has it that all animals used to pay tax to the Buganda king,
but the bat played tricks to evade tax payment. Each time taxes were being collected from
land animals, the bat claimed to be a flying animal (bird) and when the turn to collect
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taxes from birds and other flying animals came, the bat considered itself a mammal with
teeth and so different from birds. Because of this cunning trait, bats were regarded to
have no respect for the king, don't contribute to development and therefore no need to
conserve them”.

The man continued to state that no Muganda with strong traditional attachments has
a positive attitude towards conservation of bats. A few respondents (of the Bayankole
and Bachinga) believe that bats are used by witches to practice witchcraft and that the
appearance of a bat foretells death of a person in a community. The respondents further
fear the bats as they think that bats kill cows and humans by sucking blood from the ears
at night and believe that bats bring bad omen to a home and community. The following
were the cross-cutting beliefs and myths across respondents of almost all tribes represented
in the study: bats are signs of bad/ill omen, bats are used in witchcraft, bats cause diseases
(like Rabies, Ebola), bats are vampires that suck blood of animals and humans at night,
bats are messengers of death. An important observation was the fact that not only bats, but
also other nocturnal animals such as owls, are negatively associated with bad omen/luck,
messengers of death, use in witchcraft, etc. Overall, bats are associated with negative
attributes among all investigated tribes. This is also reflected in the totems of the many
clans. Each clan in Buganda for example has a totem that mostly represents an animal;
however, no totem of any Ugandan clan/tribe features a bat.

3.5. Sensitization Campaign and Intervention of Actions against Bats

Specific actions against bats were planned in the communities in Koboko, Yumbe and
Moyo districts of the study area around October 2020 as people were concerned about
the links between bats and the SARS-CoV-2 pandemic. People started to actively chase
away bats from their homesteads, surrounding areas and marketplaces. Mainly colonies of
fruit bats (Epomophorus spp., Eidolon helvum) were targeted with this approach to get rid
of bats from shade trees close to homes or frequently used by humans. In Moyo district,
the COVID-19 task force led by the District Health Officer had planned to fumigate large
roosting colonies of the fruit bat E. helvum on a main road, where communities had multiple
negative experiences with the bats (Text S4). Similarly, the management of the hospital in
Yumbe district had decided to either fumigate all bats (Epomophorus spp.) in the mango
trees or cut down all trees on the hospital premises. The shades of the mango trees are
used by outpatients and inpatient attendants as resting places. When the origin of the
SARS-CoV-2 virus was associated with bats, people were scared about sitting directly below
bat roosts and feared getting the virus via aerosol transmission. During the campaign, the
lead author (IE) used the booklet “Living Safely with Bats”, which had been adapted to the
local environment and presented information about bat diversity, ecology, diseases and
how to live safely with bats to members of the communities (Figure 5A). The impression
was that people were curious, and the presentations were followed by several questions,
e.g.,: “"How safe are we now as we have been staying close to these bats for some time?”,
“If bats are not confirmed to be the direct source of coronavirus as you have stated, why
should we believe you and not the information we receive from radios and people?”.
Several in-depth conversations took place with the communities, community leaders, and
members of institutions whose premises have colonies of bats (Figure 5). Generally, the
sensitization campaign was well received and attended (see Text S4 for campaign details).
No incidences of hostility towards the sensitization team were registered, and the curiosity
of the participants through questions were handled with the evidence available including
giving them copies of the booklet. As a result of the sensitization campaign, the planned
fumigation in Moyo was temporarily halted and the cutting of trees at the hospital in Yumbe
was not carried out. In Yumbe, tents were set up under the mango trees for outpatients
and visitors to prevent direct contact of people with bat urine/feces (Figure 5B). In Moyo,
the council did not approve the supplementary budget for fumigation and resolved to not
allow destruction of bat roosts until more convincing new evidence that bats are responsible
for the spread of the pandemic virus.
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Section 6. Managing Bats around the Outside of your Home

round your home or in public areas such a5 health care faciites.

Figure 5. Sensitization campaign in Northern Uganda. (A) Depicted is the leading author (IE)
showing the cover page of the booklet “Living Safely with Bats” which was reprinted and adapted
from [44,45] with permission from EcoHealth Alliance and the PREDICT consortium, (B) Example
of additional booklet page added by the authors of the study to address the specific issue of the
communities in Northern Uganda, how to safely use space under bat roosting trees, (C) An interview
on bats with a district official, (D) Interactions with community members, (E) Emergence of fruit bats
(Eidolon helvum) from a colony at dusk in Moyo, (F) Sensitization and dialogue with the medical staff
and management of Midigo Health Facility to spare the bats that roost in the medical facility and
trees on the facility compound. Verbal consent to photograph participants was granted.

3.6. Limitations and Potential Bias of the Study

This study was designed ad-hoc and carried out promptly after negative actions
against bats in the study area were observed during the SARS-CoV-2 pandemic. We
focused on the experiences and stories of people with and on bats to gather information
that can serve as a baseline for future studies. Carrying out the study during the pandemic
with travel restrictions and new rules of conducting business posed several challenges for
gathering information through interviews, group discussions, and sensitization efforts.

4. Discussion
4.1. Participants’ Knowledge on Bats

We found that knowledge on bats was limited across communities and ages. Similar
to results in other studies (e.g., [26,46]), the majority of the respondents was aware of the
existence of bats in their area. However, most participants only knew one or two different
types of bats which is in line with a study in Madagascar [26], while a few named four
types as also reported in a study in Ghana [47]. Most participants had not seen a bat at
close range to give a concise description of the animals, but the types of bats were mostly
defined by body size and color which is consistent with other studies (e.g., [26]). The
study did not specifically measure the influence of the level of education on the knowledge
of bats, however, approximately half of the respondents were students or employees
from institutions, such as universities and health facilities and no noticeable difference
in knowledge was apparent. The content of animal biology taught in school curricula
primarily focuses on animal identification and little to no emphasis is placed on their
ecological roles and benefits to human society. Youths, especially those raised in urban
settings, rarely seek opportunities to explore and experience the natural environments,
thereby limiting their knowledge on wild environments to their education. Moreover,
a large proportion of young people in the study area only have primary level education,
as few secondary schools are supported by the government. Apparent gaps in the school
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curriculum can be targeted by sensitization campaigns, which include learning material for
classrooms. Because families have handed over the processes of learning, education, and
transfer of knowledge to schools, the transfer of unique forms of indigenous knowledge
that were previously transmitted informally is jeopardized.

Rural people derive much of their sustenance directly from natural environments, and
almost all the elderly respondents grew up and/or experienced living in rural villages.
This may explain why some elderly respondents and people living in rural villages were
cognizant of the fact that bats play a particular beneficial role in their area: “bats provide
signal to the fruiting and ripening seasons of different tree species, and that bats also
give signal to humans on which fruits are safe for human consumption explaining that
fruits eaten by bats have always proven safe for humans.” Perhaps plenty of such unique
knowledge still exists with the few remaining elderly people scattered in the rural areas that
our study could not reach. Uganda’s population is very young. Up to 75% of Ugandans are
below the age of 35 [41]. The population above 70 years old, which probably holds more
critical indigenous knowledge about bats, constitutes less than 5% and is scattered in the
countryside. Before such a knowledge base is completely lost, there is a need to document
it, and further studies are warranted to systematically source local expertise, including for
conservation efforts.

4.2. Participants’ Perception of Bats

Only a small majority of respondents held positive attitudes towards bats, while
other studies in Africa and Asia report larger proportions of respondents with positive
values [46,48,49]. The following six negative attributes assigned to bats were the cross-
cutting beliefs and myths across the respondents of almost all the ethnic groups represented
in the study: (i) bats are ugly and scary, (ii) bats are signs of bad/ill omen, (iii) bats are
used in witchcraft, (iv) bats cause diseases (like Rabies, Ebola), (v) bats are vampires
that suck blood of animals and humans at night, and (vi) bats are messengers of death.
Interviewees also associated these negative attributes to other nocturnal animals. It is
tempting to speculate that the nocturnal lifestyle of bats severely limits the understanding
most communities have about these animals. The knowledge gaps are filled with myths,
tales, and illusions that together contribute to achieving certain societal norms especially
those intended to scare children to keep away from some animals or to conform to certain
rules of society [23,27,28]. It also aligns with the disease avoidance hypothesis which
proposes that knowledge, beliefs, and myths that associate neutral objects with disease
contamination make such objects disgusting and people try to avoid such objects [29,50].
The association of bats with danger might be related to the relative lack of information
regarding potential pathogens that are or might be transmitted by particular bat species.
Because lack of information about bats spans across ordinary people and scientists, it is
important to first improve communication amongst scientists working on bats to circulate
accurate information and aim at developing consensus messaging within the scientific
community to avoid passing contradicting information to the public [51]. Providing
accurate information on bat biology and pointing out that the viral zoonotic risk among
bat hosts is not higher than among other mammalian and avian reservoir hosts [52] might
help the public to better understand the fascinating biology of bats and their vital roles in
ecosystems on the one hand, and their disease transmission potential on the other hand.

4.3. Community Relations with Bats over Time

The most common response from the survey question “how have people related with
bats from a long time ago and how has this relationship evolved over time” was that bats
were not a common feature around homesteads in the past. Complementary explanations
on historically fewer human-bat interactions were offered, including, human population
was low, settlements were scattered, and undisturbed landscapes were common’, providing
space for bats and other wild animals to live largely undisturbed from human encroachment.
Accordingly, an increased presence of bats has been noticed in human communities over
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the last two decades. This notion is consistent with nearly twofold increase in human
population size in the country, 2000 to 2020 [41,53]. To what extent increases in fruit
production, which is largely done by smallholders, influenced the abundance and proximity
of fruit bat colonies needs to be analyzed in the future. Local research into bat-mediated
ecosystem services including pollination, seed dispersal and pest suppression [54,55] and
potential damage to the harvest [56,57] is needed for this region and could provide the
foundation for evidence-based and protracted sensitization campaigns.

The prevailing opinion of most of the participants was that bats should not live within
homes or immediate human environments. This proclamation is substantiated by numerous
actions of communities aimed at disrupting the bat roosting resources and roost sites. The
recommendation of the elderly participants in the study area that bats, and humans should
not share the same dwellings is apparently linked to previous bad experiences of sharing
dwellings. For instance, homesteads neighboring E. helvum colonies in Moyo district did
not want the bats in their neighborhood because they felt inconveniences from the noise,
smell, and specifically from the perceived spread of bedbugs and bat lice, in addition to
fear of diseases from bats and destruction of fruits. The reported increase in the presence of
bats in human communities over the recent past and occasional violent responses, such
as destroying the bat roosting resources, is a cause of concern. Whether this increased
bat-human proximity is due to loss of natural habitats or to the synanthropic nature of
some bat species as they respond to resource availability (food and/or roosting sites),
or both, is unknown—but the consequences are the same [58-61]. Some species may be
regionally extirpated with habitat loss, lowering overall diversity, while others adapt well
to encroachment, raising spillover risk to humans.

4.4. Willingness of Local People to Protect and Conserve Bats

Almost equal proportions of participants in our study expressed willingness and
unwillingness to protect and conserve bats. A study in Namibia indicated that negative
cultural representations of bats and positive attitudes towards bats (over 95% agreed that
bats should be conserved) are disconnected [46], which is also implied in this study, given
the relatively high number of respondents that are willing to conserve bats despite the
negative myths and attributes assigned to bats. We note that, despite limited knowledge
to back their support for bat conservation, the pro-bat conservation respondents argued
that every creature renders some service in nature, whether such services are known
or unknown by humans, and that every creature has an inherent right to live, so, their
fate to exist should not be interpreted in anthropocentric terms. This mindset can be
taken advantage of as it lays the foundation upon which a locally adapted sensitization
campaign could build, emphasizing the ecosystem services provided by regional bats
and the common interest to protect these species (e.g., [62]). On the other hand, those
opposed to bat conservation presented the negative aspects about bats including the role of
bats in the spread of dangerous diseases as was also reported e.g., from studies in Kenya
and Madagascar [24,26]. In contrast, respondents in studies in Namibia and Ghana rarely
associated bats with diseases [46,47]. Animosity to bats was based on ugliness, smell, spread
of bedbugs and bat lice, destruction of fruits, and fears arising from negative perceptions
from myths and folktales which has been reported from other studies in Africa and Asia
(e.g., [24,63,64]). Understanding of the specific local conflicts between bats and humans,
e.g., destruction of agricultural fruits, is needed to design appropriate interventions [63].
Despite these negative perceptions, we also observed that people in rural areas had a low
tendency to destroy bat roosting resources as compared to those in urban areas. This may be
because urban communities more readily access the negative scientific and media reporting
and attribution of emerging diseases to bats, thus worsening the already bad reputation of
bats and scaring urban communities into destroying bat roost sites in their localities. The
low tendency to destroy bat roosting resources in rural areas despite prevailing negative
myths is consistent with a study [25] that showed that threatened and endangered bat
species have thrived in territories where local people have exclusive land rights. This
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may also be due to inherent biophilia that is disrupted when people are removed from
nature [65,66]. The study area is characterized by high rates of deforestation, and the
tendency of fruit bats to shift their colonies to peri-domestic environs, or vice versa to
not leave an area when people encroach into their original habitats, is increasing [67,68].
Roost site destruction only happens when roosts are in houses or occasionally when bats
roost in the trees of home compounds (especially for gregarious and often noisy species).
Like the great African environmentalist Baba Dioum, we argue that people protect and
conserve what they understand and value. Because bats are not well understood and less or
not valued across all communities we interacted with, the indifference expressed towards
them in some communities was expected. This view is supported by the findings [69]
that public unawareness of the numerous ecosystem services provided by wildlife limits
their willingness and support to conservation efforts. There is an urgent need to create
awareness and develop evidence-based measures to protect bats and their habitats from
the increasing threats of degradation and habitat loss [70,71].

4.5. Conservation Action and Impact Surveys

From our rapid sensitization campaign that prevented persecution of bats, we realized
that sustained conservation requires convincing evidence. However, actions should not
wait for scientific evidence where immediate danger is obvious. Many critical species
and habitats of conservation concern are found in private or communal lands without
any form of protection or baseline data. Bats in Uganda and elsewhere are regularly
regarded as a single species, with many people uninformed about the fact that bats are an
exceptionally species-rich group of mammals. Bats get condemned for the potential threats
posed by a few species. Many studies have found that the public perception of bats is
predominantly negative because of lack of understanding of their ecological and economic
roles [49,63,72] and that this gap of knowledge deficiency is due to lack of prioritization
and funding to support bat conservation [73]. More studies need to focus on understanding
the quality of bat habitats and the underlying survival mechanisms in fast-changing human
environments.

One key strategy to effectively counter public misconceptions is by raising positive
perceptions of the focal species or habitat in that region [64,74,75]. There are various
outlets to improve public perception toward species and promote wildlife conservation,
including zoos, aquariums, and wildlife watching [75], but these resources are mainly
valued by and affordable to foreign visitors. These initiatives are widely known to promote
“charismatic species”, e.g., large mammals, felids, and birds [76,77], but are very scarce
for unfamiliar species like bats. Conservation education and outreach with communities
have been shown to improve public understanding and acceptance of bats [74]. Flying fox
viewing in Terengganu, Malaysia showed evidence of the potential of wildlife tourism as
a conservation tool by raising public awareness and generating positive attitudes towards
bats [78]. Like other wildlife tourism initiatives, bat-watching has the potential to raise
awareness about bats and to promote sustainable local development, therefore facilitating
their conservation if conducted effectively and with appropriate sensitivity. However,
there is limited knowledge on the effectiveness of bat-watching and its ability to improve
human-bat relations in many parts of the world, particularly in the global south [63,79].

Based on our survey results, we recommend deliberate and sustained community
sensitizations about bats through school programs for young people, and promotion
of safety-distanced bat-watching tourism and bat education at roosting sites. Important
additional steps in Northern Uganda could include educational signage near known sites in
need of protection, information about safe practices for excluding bats from buildings, and
protection of existing roost sites to increase the quality of roosts and minimize encounters
with humans. Because older people had more positive attitudes toward bats than youth,
bat education awareness that targets young people and includes participation of the elderly
is desirable. Published work suggests that when adult environmentalists were asked
about the origin of their commitment to protect the environment, most mentioned positive
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experience with nature during childhood [80-82]. Accordingly, environmental educators
have consequently stressed activities that increase children’s contact with nature [83-85].
Findings from a study conducted in Arabuko-Sokoke Forest (ASF) in Kenya show that
evening school-based bat study tours may be an effective approach because they would
involve catching bats using mist-nets, showing features of bats to learners, answering
questions from students, and explaining details about bats using hand-held live bats [29].
Safe educational encounters with live bats, in which bat scientists wear appropriate PPE
(e.g., masks and gloves [86] for both human and bat protection) may positively influence
human attitudes toward bats [87,88].

5. Conclusions

The study revealed some long-established, negative perceptions of bats in communi-
ties in Northern Uganda, recently exacerbated by the SARS-CoV-2 pandemic. No single
deliberate conservation efforts exist in the entire study area and the negative perception
largely hampers the implementation of bat conservation in Northern Uganda. The prevail-
ing picture is that people in the study area are not yet prepared to accept coexistence with
bats, due to deep-seated beliefs or myths they have been holding. Continuing discussions
and sensitizations are recommended to realize a sustainable change in attitudes to and
coexistence with bats. We argue that documenting and understanding what different
communities know about bats to understand the myths or stories of each community that
shape their attitudes towards bats will aid bat conservation efforts on a regional and local
scale. Knowledge of social norms and what motivates peoples” actions toward bats can
inform the design of messages aimed at influencing appropriate behavior towards bats [23].
The SARS-CoV-2 pandemic has triggered atrocities against bats and presents considerable
challenges for bat conservation. More studies on human attitudes towards bats under
the current circumstances are warranted as the framing of messages that link bats to the
direct transmission of SARS-CoV-2 to humans can foster false beliefs of their role in disease
outbreaks and consequently influence the willingness of people to coexist with bats [8§9-95].
Reframing this narrative is critical.

The emergency community sensitization and conservation steps taken in the middle of
the SARS-CoV-2 pandemic in West Nile Districts in Uganda provided the local communities
with the evidence needed to combat the prevailing negative narratives about bats, changed
some decisions, and very specifically saved two bat roost sites from destruction. This
demonstrates that bat fact-based sensitization and community action can be effective tools
to protect bats. Deliberate and continuous community sensitizations studies in Northern
Uganda are essential to implement first conservation steps. We further recommend creative
introduction of bat education to the young in schools as well as targeted information transfer
to communities. These could be facilitated by the creation of a dedicated organization
for bat conservation in Uganda with the aim to gradually develop innovative programs
for protracted, wide-spread, and affordable conservation programs that benefit bats, their
habitats, and humans alike.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su142416924 /51, Text S1: Questionnaire—Knowledge and aware-
ness about bats in Northern Uganda; Table S1: Overview responses of individual and group inter-
views; Table S1(A) Respondents count (n) and frequency (%) of the responses for questions regarding
basic knowledge about bats (Answers YES/NO); Table S1(B) Respondents count (n) and frequency
(%) of the responses for questions regarding basic knowledge about bats (open questions); Table S2:
Interviews elderly; Text S2: Extended results—sensitization campaign.

Author Contributions: Conceptualization, LE., ].S., RK., KM. and D.M.R.; methodology, LE., J.S.
and D.M.R; software, ].S.; validation, L.E., D.M.R. and ].S.; formal analysis, L.E. and ].S.; investigation,
LE.; resources, ].S. and D.M.R.; data curation, LE. and ].S.; writing—original draft preparation, L.E.;
writing—review and editing, L.E., ].S., D.M.R., K.M. visualization, L.E. and ].S.; supervision, J.S.;
project administration, J.S., D.M.R.; funding acquisition, J.S. and D.M.R.; All authors have read and
agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/su142416924/s1
https://www.mdpi.com/article/10.3390/su142416924/s1

Sustainability 2022, 14, 16924 15 of 18

Funding: LE. is supported by a Ph.D. scholarship of the German Academic Exchange Service (DAAD),
J.S. is funded by an individual research grant from the German Research Foundation (DFG; project
number 437846632), D.M.R. is supported by the US National Institute of Allergy and Infectious
Diseases (NIAID) (1R01AI151144).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Muni University (May 2020) and Uganda
National Council for Science and Technology UNCST (Permit No. NS667 issued in February 2020).
Permission was also sought and granted for all photos of study participants used here.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data supporting reported results are included in the manuscript
and the Supplementary Materials.

Acknowledgments: We thank the 151 participants who accepted to share their views in the study.
We appreciate the administrative, technical, and political offices and officials in the districts of Moyo,
Koboko and Yumbe districts, and the management of health and education institutions in the study
area that permitted their community to participate in the study. We appreciate the field team of Adiga
Kassim, Saidi Omar Dramani and Anguyo Dennis Foe for their immense help during data collection.
We thank EcoHealth Alliance and partners for permitting the use and adaptation of the booklet
“Living Safely with Bats” that was developed by EcoHealth Alliance and partners as a resource to
help prevent spread of zoonotic disease carried by bats (PREDICT One Health Consortium 2018).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Li, W,; Shi, Z; Yu, M.; Ren, W,; Smith, C.; Epstein, ] H.; Wang, H.; Crameri, G.; Hu, Z.; Zhang, H.; et al. Bats are natural reservoirs
of SARS-like coronaviruses. Science 2005, 310, 676—679. [CrossRef] [PubMed]

2. Whitaker, ].O,, Jr.; Douglas, L.R. Bat rabies in Indiana. J. Wildl. Manag. 2006, 70, 1569-1573. [CrossRef]

3. Wong, S.; Lau, S.; Woo, P; Yuen, K.Y. Bats as a continuing source of emerging infections in humans. Rev. Med. Virol. 2007, 17, 67-91.
[CrossRef] [PubMed]

4. Drexler, ].E; Corman, V.M.; Miiller, M.A.; Maganga, G.D.; Vallo, P,; Binger, T.; Gloza-Rausch, F.; Cottontail, V.M.; Rasche, A.;
Yordanov, S.; et al. Bats host major mammalian paramyxoviruses. Nat. Commun. 2012, 3, 796. [CrossRef]

5. Veikkolainen, V.; Vesterinen, E.J.; Lilley, T.M.; Pulliainen, A.T. Bats as reservoir hosts of human bacterial pathogen, Bartonella
mayotimonensis. Emerg. Infect. Dis. 2014, 20, 960-967. [CrossRef]

6. Amman, B.; Nyakarahuka, L.; McElroy, A.K.; Sealy, TK.; Schuh, ]J.A.; Shoemaker, T.R.; Balinandi, S.; Atimnedi, P.; Kaboyo, W,;
Nichol, S.T. Marburgvirus resurgence in Kitaka Mine bat population after extermination attempts, Uganda. Emerg. Infect. Dis.
2014, 20, 1761-1764. [CrossRef]

7. Hokynar, K.; Vesterinen, E.J.; Lilley, T.M.; Pulliainen, A.T.; Korhonen, S.J.; Paavonen, J.; Puolakkainen, M. Molecular evidence of
chlamydia-like organisms in the feces of Myotis daubentonii bats. Appl. Environ. Microbiol. 2016, 83, e02951-16. [CrossRef]

8. Lilley, T.M.; Wilson, C.A.; Bernard, R.E; Willcox, E.V.; Vesterinen, E.].; Webber, Q.M.; Kurpiers, L.; Prokkola, ].M.; Ejotre, I.; Kurta,
A.; et al. Molecular detection of Candidatus Bartonella mayotimonensis in North American bats. Vector-Borne Zoonotic Dis. 2017,
17,243-246. [CrossRef]

9.  Lundberg, P; Ojala, A.; Suominen, K.M.; Lilley, T.; Vainio, A. Disease avoidance model explains the acceptance of cohabitation
with wats during the COVID-19 pandemic. Front. Psychol. 2021, 12, 635874. [CrossRef]

10. Middleton, D.J.; Morrissy, C.J.; van der Heide, B.M.; Russell, G.M.; Braun, M.A.; Westbury, H.A.; Halpin, K.; Daniels, P.W.
Experimental Nipah virus infection in pteropid bats (Pteropus poliocephalus). |. Comp. Pathol. 2007, 136, 266-272. [CrossRef]

11.  Pennycook, G.; McPhetres, ].; Zhang, Y.; Lu, ].G.; Rand, D.G. Fighting COVID-19 misinformation on social media: Experimental
evidence for a scalable accuracy-nudge intervention. Psychol. Sci. 2020, 31, 770-780. [CrossRef] [PubMed]

12.  Lane, D.J.; Kingston, T.; Lee, B.P.H. Dramatic decline in bat species richness in Singapore, with implications for Southeast Asia.
Biol. Conserv. 2006, 131, 584-593. [CrossRef]

13.  Voigt, C.C.; Kingston, T. Bats in the Anthropocene: Conservation of Bats in a Changing World; Springer Nature: Cham, Switzerland, 2016.

14. Laurindo, R.S.; Novaes, R.L.M.; Vizentin-Bugoni, J.; Gregorin, R. The effects of habitat loss on bat-fruit networks. Biodivers.
Conserv. 2019, 28, 589-601. [CrossRef]

15. Muylaert, R.L.; Stevens, R.D.; Ribeiro, M.C. Threshold effect of habitat loss on bat richness in cerrado-forest landscapes. Ecol.
Appl. 2016, 26, 1854-1867. [CrossRef] [PubMed]

16. Russo, D.; Ancillotto, L. Sensitivity of bats to urbanization: A review. Mamm. Biol. 2015, 80, 205-212. [CrossRef] [PubMed]

17.  Anti, PM.; Owusu, O.; Agbenyega, A.; Annan, EK,; Badu, E.E.; Nkrumah, M.; Tschapka, S.; Oppong, Y.; Adu-Sarkodie, C.;

Drosten, C. Human-bat interactions in rural West Africa. Emerg. Infect. Dis. 2015, 21, 1418-1421. [CrossRef]


http://doi.org/10.1126/science.1118391
http://www.ncbi.nlm.nih.gov/pubmed/16195424
http://doi.org/10.2193/0022-541X(2006)70[1569:BRII]2.0.CO;2
http://doi.org/10.1002/rmv.520
http://www.ncbi.nlm.nih.gov/pubmed/17042030
http://doi.org/10.1038/ncomms1796
http://doi.org/10.3201/eid2006.130956
http://doi.org/10.3201/eid2010.140696
http://doi.org/10.1128/AEM.02951-16
http://doi.org/10.1089/vbz.2016.2080
http://doi.org/10.3389/fpsyg.2021.635874
http://doi.org/10.1016/j.jcpa.2007.03.002
http://doi.org/10.1177/0956797620939054
http://www.ncbi.nlm.nih.gov/pubmed/32603243
http://doi.org/10.1016/j.biocon.2006.03.005
http://doi.org/10.1007/s10531-018-1676-x
http://doi.org/10.1890/15-1757.1
http://www.ncbi.nlm.nih.gov/pubmed/27755693
http://doi.org/10.1016/j.mambio.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/32226358
http://doi.org/10.3201/eid2108.142015

Sustainability 2022, 14, 16924 16 of 18

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Carvalho, M.; Palmeirim, ].M.; Rego, EC.; Sole, N.; Santana, A.; Fa, J.E. What motivates hunters to target exotic or endemic species
on the island of Sao Tomé, Gulf of Guinea? Oryx 2015, 49, 278-286. [CrossRef]

Mildenstein, T.; Tanshi, I.; Racey, P.A. Exploitation of bats for bushmeat and medicine. In Bats in the Anthropocene: Conservation of
Bats in a Changing World; Voigt, C.C., Kingston, T., Eds.; Springer: Cham, Switzerland, 2016; pp. 325-375.

Frick, W.F.; Puechmaille, S.J.; Willis, C.K.R. White-nose syndrome in bats. In Bats in the Anthropocene: Conservation of Bats in a
Changing World; Voigt, C.C., Kingston, T., Eds.; Springer: Cham, Switzerland, 2016; pp. 245-262.

Simmons, N.B.; Cirranello, A.L. Bat Species of the World: A Taxonomic and Geographic Database. 2020. Available online:
https:/ /batnames.org/ (accessed on 7 April 2022).

TUCN. The IUCN Red List of Threatened Species. Version 2022-1. Available online: https:/ /www.iucnredlist.org/ (accessed on
15 August 2022).

Kingston, T. Cute, creepy, or crispy—How values, attitudes, and norms shape human behavior toward bats. In Bats in the
Anthropocene: Conservation of Bats in a Changing World; Voigt, C.C., Kingston, T., Eds.; Springer: Cham, Switzerland, 2016; pp.
571-595.

Musila, S.; Prokop, P.; Gichuki, N. Knowledge and perceptions of, and attitudes to, bats by people living around Arabuko-Sokoke
Forest, Malindi—Kenya. Anthrozoos 2018, 31, 247-262. [CrossRef]

Fernandez-Llamazares, A.; Garteizgogeascoa, M.; Basu, N.; Brondizio, E.S.; Cabeza, M.; Martinez-Alier, J.; McElwee, P,; Reyes-
Garcia, V. A state-of-the-art review of indigenous peoples and environmental pollution. Integr. Environ. Assess. Manag. 2020, 16,
324-341. [CrossRef]

Rocha, R.; Fernandez-Llamazares, A.; Lopez-Baucells, A.; Andriamitandrina, S.EM.; Andriatafika, Z.E.; Temba, E.M.; Torrent, L.;
Burgas, D.; Cabeza, M. Human-bat interactions in rural Southwestern Madagascar through a biocultural lens. J. Ethnobiol. 2021,
41, 53-69. [CrossRef]

Brito, ].C.; Rebelo, A.; Crespo, E.G. Viper killings for superstitious reasons in Portugal. Bolletin Asoc. Herpetol. Espariola 2011, 12,
101-104.

Ceriaco, L.M.P. Human attitudes towards herpetofauna: The influence of folklore and negative values on the conservation of
amphibians and reptiles in Portugal. J. Ethnobiol. Ethnomed. 2012, 8, 8. [CrossRef] [PubMed]

Prokop, P.; Fantovitova, J. Self-protection versus disease avoidance: The perceived physical condition is associated with fear of
predators in humans. J. Individ. Differ. 2013, 34, 15-23. [CrossRef]

Red List of Threatened Species of Uganda 2018; Ministry of Tourism, Wildlife and Antiquities-MTWA: Kampala, Uganda, 2018.
Kityo, R.; Kerbis, J.C. Observations on the distribution and ecology of bats in Uganda. . East Afr. Nat. Hist. 1996, 85, 49-63.
[CrossRef]

Law Development Centre Uganda. Constitution of the Republic of Uganda, 1995; Law Development Centre: Kampala, Uganda, 2005.
Ministry of Gender, Labor and Social Development (MGLSD). The Uganda National Culture Policy: A Culturally Vibrant, Cohesive
and Progressive Nation; Ministry of Gender, Labor and Social Development (MGLSD) Report; Minister of Gender, Labour and
Social Development: Kampala, Uganda, 2006.

Gradé, J.; Weladji, R.; Tabuti, J.; Van Damme, P. Healer-driven ethnoveterinary knowledge diffusion among semi-nomadic
pastoralists in Karamoja, Uganda. Afr. Focus 2009, 22, 57-75. [CrossRef]

Shemdoe, R.S.; Van Damme, P,; Kikula, L.S. Increasing crop yield in water scarce environments using locally available materials:
An experience from semi-arid areas in Mpwapwa District, central Tanzania. Agric. Water Manag. 2009, 96, 963-968. [CrossRef]
Tabuti, J.R.; Van Damme, P. Review of indigenous knowledge in Uganda: Implications for its promotion. Afr. Focus 2012, 25,
29-38. [CrossRef]

Tabuti, J.R. Traditional knowledge in Bulamogi County-Uganda: Importance to sustainable livelihoods. In African Knowledges and
Sciences: Understanding and Supporting the Ways of Knowing in Sub-Saharan Africa; Millar, D., Bugu, S., Kendie, A., Atia, A., Bertus,
H., Eds.; COMPAS: Accra, Ghana, 2006; pp. 98-105.

Barnes-Dean, V.L. Lugbara illness beliefs and social change. Africa 1986, 56, 334-351. [CrossRef]

Tabuti, ].R.S. Promoting Indigenous Scientific Knowledge for Poverty Reduction and Sustainable Development; Uganda National
Commission for UNESCO (UNATCOM): Kampala, Uganda, 2010.

Stanley, W.; Kerbis, J.; Kityo, R.; Davenport, L. New records of bats for Uganda and Burundi. Afr. J. Ecol. 1996, 34, 196-201.
[CrossRef]

Uganda Bureau of Statistics (UBOS). Statistical Abstract 2021; Uganda Bureau of Statistics (UBOS): Kampala, Uganda, 2021.
Available online: https://www.ubos.org/wp-content/uploads/publications/01_20222021_Statistical_Abstract.pdf (accessed on
10 March 2022).

Namyalo, S.; Nakayiza, ]. Dilemmas in implementing language rights in multilingual Uganda. Curr. Issues Lang. Plan. 2015, 16,
409-424. [CrossRef]

Altinyelken, H.K.; Moorcroft, S.; Van Der Draai, H. The dilemmas and complexities of implementing language-in-education
policies: Perspectives from urban and rural contexts in Uganda. Int. |. Educ. Dev. 2014, 36, 90-99. [CrossRef]

PREDICT One Health Consortium 2018. Living Safely with Bats; USAID: Washington, DC, USA, 2018. Available online: https:
/ /p2.predict.global/living-safely-with-bats-book (accessed on 3 August 2020).


http://doi.org/10.1017/S0030605313000550
https://batnames.org/
https://www.iucnredlist.org/
http://doi.org/10.1080/08927936.2018.1434065
http://doi.org/10.1002/ieam.4239
http://doi.org/10.2993/0278-0771-41.1.53
http://doi.org/10.1186/1746-4269-8-8
http://www.ncbi.nlm.nih.gov/pubmed/22316318
http://doi.org/10.1027/1614-0001/a000092
http://doi.org/10.2982/0012-8317(1996)85[49:OOTDAE]2.0.CO;2
http://doi.org/10.1163/2031356X-02201006
http://doi.org/10.1016/j.agwat.2009.01.007
http://doi.org/10.1163/2031356X-02501004
http://doi.org/10.2307/1160688
http://doi.org/10.1111/j.1365-2028.1996.tb00613.x
https://www.ubos.org/wp-content/uploads/publications/01_20222021_Statistical_Abstract.pdf
http://doi.org/10.1080/14664208.2014.987425
http://doi.org/10.1016/j.ijedudev.2013.11.001
https://p2.predict.global/living-safely-with-bats-book
https://p2.predict.global/living-safely-with-bats-book

Sustainability 2022, 14, 16924 17 of 18

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.
68.

69.

70.

71.

Martinez, S.; Sullivan, A.; Hagan, E.; Goley, ].; Epstein, ].H.; Olival, K.J.; Saylors, K.; Euren, J.; Bangura, J.; Zikankuba, S.; et al.
Living Safely With Bats: Lessons in developing and sharing a Global One Health Educational Resource. Glob. Health Sci. Pract.
2022, 10. [CrossRef]

Laverty, TM.; Teel, T.L.; Gawusab, A.A.; Berger, ]. Listening to bats: Namibian pastoralists “perspectives, stories, and experiences.
J. Ethnobiol. 2021, 41, 70-86. [CrossRef]

Ohemeng, F.; Lawson, E.T.; Ayivor, ].; Leach, M.; Waldman, L.; Ntiamoa-Baidu, Y. Socio-Cultural determinants of human-bat
interactions in rural Ghana. Anthrozods 2017, 30, 181-194. [CrossRef]

Shapiro, H.G.; Willcox, A.S.; Ader, D.R.; Willcox, E.V. Attitudes towards and relationships with cave-roosting bats in Northwest
Cambodia. J. Ethnobiol. 2021, 41, 87-104. [CrossRef]

Low, M.R.;; Hoong, W.Z.; Shen, Z.; Murugavel, B.; Mariner, N.; Paguntalan, L.M.; Tanalgo, K.; Aung, M.M.; Bansa, L.A;
Sritongchuay, T.; et al. Bane or blessing? Reviewing cultural values of bats across the Asia-Pacific region. J. Ethnobiol. 2021, 41,
18-34. [CrossRef]

Curtis, V.; De Barra, M.; Aunger, R. Disgust as an adaptive system for disease avoidance behaviour. Philos. Trans. R. Soc. B Biol.
Sci. 2011, 366, 389-401. [CrossRef]

Boete, C.; Morand, S. Bats and academics: How do scientists perceive their object of study? PLoS ONE 2016, 11, e0165969.
[CrossRef]

Mollentze, N.; Streicker, D.G. Viral zoonotic risk is homogenous among taxonomic orders of mammalian and avian reservoir
hosts. Proc. Natl. Acad. Sci. USA 2020, 117, 9423-9430. [CrossRef]

United Nations; DESA; Population Division. World Population Prospects. 2022. Available online: https://population.un.org/
wpp/ (accessed on 10 August 2022).

Boyles, ].G.; Cryan, PM.; McCracken, G.F; Kunz, T.H. Economic importance of bats in agriculture. Science 2011, 332, 41-42.
[CrossRef]

Kunz, T.H.; Braun de Torrez, E.; Bauer, D.; Lobova, T.; Fleming, T.H. Ecosystem services provided by bats. Ann. N. Y. Acad. Sci.
2011, 1223, 1-38. [CrossRef] [PubMed]

Aziz, S.A,; Olival, K.J.; Bumrungsri, S.; Richards, G.C.; Racey, P.A. The conflict between pteropodid bats and fruit growers:
Species, legislation and mitigation. In Bats in the Anthropocene: Conservation of Bats in a Changing World; Voigt, C.C., Kingston, T.,
Eds.; Springer: Cham, Switzerland, 2016; pp. 377-426. Available online: https://link.springer.com/chapter/10.1007 /978-3-319-
25220-9_13 (accessed on 10 August 2022).

Tollington, S.; Kareemun, Z.; Augustin, A.; Lallchand, K.; Tatayah, V.; Zimmermann, A. Quantifying the damage caused by
fruit bats to backyard lychee trees in Mauritius and evaluating the benefits of protective netting. PLoS ONE 2019, 14, €0220955.
[CrossRef]

Chaverri, G.; Kunz, T.H. Response of a specialist bat to the loss of a critical resource. PLoS ONE 2011, 6, 28821. [CrossRef]
Silvis, A.; Ford, W.M.; Britzke, E.R. Effects of hierarchical roost removal on Northern Long-Eared Bat (Myotis septentrionalis)
maternity colonies. PLoS ONE 2015, 10, e0116356. [CrossRef] [PubMed]

Silvis, A.; Abaid, N.; Ford, WM.; Britzke, E.R. Responses of bat social groups to roost loss: More questions than answers. In
Sociality in Bats; Ortega, J., Ed.; Springer International Publishing: Cham, Switzerland, 2016; pp. 261-280. [CrossRef]

Bondo, K.J.; Willis, C.K.R.; Metheny, ].D.; Kilgour, R.J.; Gillam, E.H.; Kalcounis-Rueppell, M.C.; Brigham, R.M. Bats relocate
maternity colony after the natural loss of roost trees. J. Wildl. Manag. 2019, 83, 1753-1761. [CrossRef]

Maulani, R.I; Gautama, R.D.; Dassir, M.; Nasri, N. Capturing community behavior towards fruit bats conservation in South
Sulawesi. IOP Conf. Ser. Earth Envrion. Sci. 2021, 807, 22029. [CrossRef]

Aziz, S.A; Clements, G.R.; Giam, X.; Forget, PM.; Campos-Arceiz, A. Coexistence and conflict between the island flying fox
(Pteropus hypomelanus) and humans on Tioman Island, Peninsular Malaysia. Hum. Ecol. 2017, 45, 377-389. [CrossRef]

Boso, A.; Alvarez, B.; Pérez, B.; Imio, J.C.; Altamirano, A.; Lisén, F. Understanding human attitudes towards bats and the role of
information and aesthetics to boost a positive response as a conservation tool. Anim. Conserv. 2021, 24, 937-945. [CrossRef]
Wilson, E.O. Biophilia; Havard University Press: Cambridge, MA, USA, 1984.

Louv, R. Last Child in the Woods: Saving Our Childrem from Nature-Deficit Disorder; Algonquin Books of Chapel Hill: Chapel Hill,
NC, USA, 2008.

Hamilton, A.C. Deforestation in Uganda; Oxford University Press and the East African Wildlife Society: Nairobi, Kenya, 1984.
United Nations Development Programme. Uganda Natural Resource Information System (NARIS): Utilizing Data for Natural
Resource Management. 2022. Available online: https://www.undp.org/uganda/blog/uganda-natural-resource-information-
system-naris-utilizing-data-natural-resource-management (accessed on 13 September 2022).

Madden, F. Creating coexistence between humans and wildlife: Global perspectives on local efforts to address human-wildlife
conflict. Hum. Dimens. Wildl. 2004, 9, 247-257. [CrossRef]

Wegner, G.I; Murray, K.A.; Springmann, M.; Muller, A.; Sokolow, S.H.; Saylors, K.; Morens, D.M. Averting wildlife-borne
infectious disease epidemics requires a focus on socio-ecological drivers and a redesign of the global food system. Clin. Med.
2022, 47,101386. [CrossRef]

Ferraro, P.J. Global habitat protection: Limitations of development interventions and a role for conservation performance
payments. Conserv. Biol. 2001, 15, 990-1000. [CrossRef]


http://doi.org/10.9745/GHSP-D-22-00106
http://doi.org/10.2993/0278-0771-41.1.70
http://doi.org/10.1080/08927936.2017.1310984
http://doi.org/10.2993/0278-0771-41.1.87
http://doi.org/10.2993/0278-0771-41.1.18
http://doi.org/10.1098/rstb.2010.0117
http://doi.org/10.1371/journal.pone.0165969
http://doi.org/10.1073/pnas.1919176117
https://population.un.org/wpp/
https://population.un.org/wpp/
http://doi.org/10.1126/science.1201366
http://doi.org/10.1111/j.1749-6632.2011.06004.x
http://www.ncbi.nlm.nih.gov/pubmed/21449963
https://link.springer.com/chapter/10.1007/978-3-319-25220-9_13
https://link.springer.com/chapter/10.1007/978-3-319-25220-9_13
http://doi.org/10.1371/journal.pone.0220955
http://doi.org/10.1371/journal.pone.0028821
http://doi.org/10.1371/journal.pone.0116356
http://www.ncbi.nlm.nih.gov/pubmed/25611060
http://doi.org/10.1007/978-3-319-38953-0_13
http://doi.org/10.1002/jwmg.21751
http://doi.org/10.1088/1755-1315/807/2/022029
http://doi.org/10.1007/s10745-017-9905-6
http://doi.org/10.1111/acv.12692
https://www.undp.org/uganda/blog/uganda-natural-resource-information-system-naris-utilizing-data-natural-resource-management
https://www.undp.org/uganda/blog/uganda-natural-resource-information-system-naris-utilizing-data-natural-resource-management
http://doi.org/10.1080/10871200490505675
http://doi.org/10.1016/j.eclinm.2022.101386
http://doi.org/10.1046/j.1523-1739.2001.015004990.x

Sustainability 2022, 14, 16924 18 of 18

72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

85.

86.

87.

88.

89.

90.
91.

92.

93.

94.

95.

Tanalgo, K.C.; Hughes, A.C. The potential of bat-watching tourism in raising public awareness towards bat conservation in the
Philippines. Environ. Chall. 2021, 4, 100140. [CrossRef]

Florens, E.B. Mauritius culls threatened fruit bats. Nature 2016, 530, 33. [CrossRef] [PubMed]

Hoffmaster, E.; Vonk, J.; Mies, R. Education to action: Improving public perception of bats. Animals 2016, 6, 6. [CrossRef]

Moss, A.; Jensen, E.; Gusset, M. Evaluating the contribution of zoos and aquariums to Aichi Biodiversity Target 1. Conserv. Biol.
2015, 29, 537-544. [CrossRef] [PubMed]

Colléony, A.; Clayton, S.; Couvet, D.; Saint Jalme, M.; Prévot, A.C. Human preferences for species conservation: Animal charisma
trumps endangered status. Biol. Conserv. 2017, 206, 263-269. [CrossRef]

Hausmann, A.; Slotow, R.; Fraser, I.; Di Minin, E. Ecotourism marketing alternative to charismatic megafauna can also support
biodiversity conservation. Anim. Conserv. 2017, 20, 91-100. [CrossRef]

Roslan, A.; David, G.; Pesiu, E.; Zahidin, M.A.; Rosmidi, FH.; Izzati, N.I.; Mohamed, M.Z.; Abdullah, M.T. Promoting wildlife
tourism as a conservation effort of the island flying fox in Pulau Bidong, Terengganu, Malaysia. Ecotourism Potentials Malays.
2017, 24.

Debata, S. Bats in a cave tourism and pilgrimage site in eastern India: Conservation challenges. Oryx 2021, 55, 684—691. [CrossRef]
Chawla, L. Life paths into effective environmental action. J. Environ. Educ. 1999, 31, 15-26. [CrossRef]

Chawla, L.; Cushing, D.F. Education for strategic environmental behavior. Environ. Educ. Res. 2007, 13, 437-452. [CrossRef]
Wells, N.M.; Lekies, K.S. Nature and the life course: Pathways from childhood nature experiences to adult environmentalism.
Child. Youth Environ. 2006, 16, 1-24.

Bogner, FEX. The influence of short-term outdoor ecology education on long-term variables of environmental perspective. J.
Environ. Educ. 1998, 29, 17-29. [CrossRef]

Farmer, J.; Knapp, D.; Benton, G.M. An elementary school environmental education field trip: Long-term effects on ecological
and environmental knowledge and attitude development. J. Environ. Educ. 2007, 38, 33—42. [CrossRef]

Yardimci, E.; Leblebicioglu, G. The effect of a nature camp on the children’s conceptions of nature. Int. Electron. J. Environ. Educ.
2012, 2, 89-102.

Kingston, T.; Frick, W.; Kading, R.; Leopardi, S.; Medellin, R.; Mendenhall, .H.; Racey, P; Shapiro, J.; Vicente-Santosm, A.;
Viquez-R, L.; et al. IUCN SSC Bat Specialist Group (BSG) Recommendations to Reduce the Risk of Transmission of SARS-CoV-2
from Humans to Bats in Bat Rescue and Rehabilitation Centers—MAP: Minimize, Assess, Protect. Version 2.0. 2021. Available
online: https://www.iucnbsg.org/uploads/6/5/0/9/6509077 /amp_recommendations_for_researchers_final. pdf (accessed on
12 October 2022).

Ballouard, ].M.; Provost, G.; Barré, D.; Bonnet, X. Influence of a field trip on the attitude of schoolchildren toward unpopular
organisms: An experience with snakes. J. Herpetol. 2012, 46, 423-428. [CrossRef]

Thompson, T.L.; Mintzes, ].J. Cognitive structure and the affective domain: On knowing and feeling in biology. Int. ]. Sci. Educ.
2002, 24, 645-660. [CrossRef]

MacFarlane, D.; Rocha, R. Guidelines for communicating about bats to prevent persecution in the time of COVID-19. Biol. Conserv.
2020, 248, 108650. [CrossRef]

Bolsen, T.; Palm, R.; Kingsland, J.T. Framing the origins of COVID-19. Sci. Commun. 2020, 42, 562-585. [CrossRef]

Carroll, D.; Daszak, P.; Wolfe, N.D.; Gao, G.F.; Morel, C.M.; Morzaria, S.; Pablos-Méndez, A.; Tomori, O.; Mazet, ].A. The global
virome project. Science 2018, 359, 872-874. [CrossRef]

Oyewo, H.O,; Adeyanju, A.T.; Adeyanju, T.E. Abundance, roost characteristics and flora dispersed by African straw-coloured
fruit bat Eidolon helvum from two sites in southwest, Nigeria. J. Res. For. Wildl. Environ. 2021, 13, 1-10.

Richter, H.V.; Cumming, G.S. First application of satellite telemetry to track African straw-coloured fruit bat migration. J. Zool.
2008, 275, 172-176. [CrossRef]

Baker, M.L.; Schountz, T.; Wang, L.F. Antiviral immune responses of bats: A review. Zoonoses Public Health 2013, 60, 104-116.
[CrossRef] [PubMed]

Hurme, E.; Fahr, J.; Eidolon Monitoring Network; Eric-Moise, B.F,; Hash, C.T.; O'Mara, M.T.; Richter, H.; Tanshi, I.; Webala, PW.,;
Weber, N.; et al. Fruit bat migration matches green wave in seasonal landscapes. Funct. Ecol. 2022, 36, 2043-2055. [CrossRef]


http://doi.org/10.1016/j.envc.2021.100140
http://doi.org/10.1038/530033a
http://www.ncbi.nlm.nih.gov/pubmed/26842049
http://doi.org/10.3390/ani6010006
http://doi.org/10.1111/cobi.12383
http://www.ncbi.nlm.nih.gov/pubmed/25155574
http://doi.org/10.1016/j.biocon.2016.11.035
http://doi.org/10.1111/acv.12292
http://doi.org/10.1017/S003060531900098X
http://doi.org/10.1080/00958969909598628
http://doi.org/10.1080/13504620701581539
http://doi.org/10.1080/00958969809599124
http://doi.org/10.3200/JOEE.38.3.33-42
https://www.iucnbsg.org/uploads/6/5/0/9/6509077/amp_recommendations_for_researchers_final.pdf
http://doi.org/10.1670/11-118
http://doi.org/10.1080/09500690110110115
http://doi.org/10.1016/j.biocon.2020.108650
http://doi.org/10.1177/1075547020953603
http://doi.org/10.1126/science.aap7463
http://doi.org/10.1111/j.1469-7998.2008.00425.x
http://doi.org/10.1111/j.1863-2378.2012.01528.x
http://www.ncbi.nlm.nih.gov/pubmed/23302292
http://doi.org/10.1111/1365-2435.14097

	Introduction 
	Materials and Methods 
	Study Area and Demographic Information of Participants 
	Individual Interviews 
	Focus Group Interviews 
	Rapid Conservation Action 
	Data Analysis 

	Results 
	Basic Knowledge of Bats 
	Benefits of Bats and Willingness of Local Communities to Protect and Conserve Bats 
	Community Relations with Bats over Time: The Perspective of Elders 
	Myths, Local Stories, and Bat Perception among the Ugandan Tribes 
	Sensitization Campaign and Intervention of Actions against Bats 
	Limitations and Potential Bias of the Study 

	Discussion 
	Participants’ Knowledge on Bats 
	Participants’ Perception of Bats 
	Community Relations with Bats over Time 
	Willingness of Local People to Protect and Conserve Bats 
	Conservation Action and Impact Surveys 

	Conclusions 
	References

